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*Overview of Calorimeter Trigger

* Calorimeter Trigger Status & Plans
*Overview of Muon Trigger

* Muon Trigger Status & Plans

* Cost and Schedule Performance

* Transition to M&O

*Concerns

Summary and Conclusions
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Level-1 Trigger Requirements:

 Input: 10° events/sec at 40 MHz at full L = 1034
* Output: 100 kHz (50 kHz for initial running)
« Latency: 3 usec for collection, decision, propagation
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Calorimeter Trig.Overview,

" o | . ( ‘
(all located in underground counting/room)

4K 1.2 Gbaud serial links w/  Copper 80 MHz Parallel UK CMS:
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Data from calorlmeter
FE on Cu links
@ 1.2 Gbaud

*Into 126" rear
Receiver
Cards

*Prototype
tested
w/ ASICs

Receiver Card
lectron ldentification Card

N |||||‘| I H“ H""' :
|\ m \| = I

Backplane

160 MHz point to point backplane (proto. tstd.) Spares

* 18 Clock&Control (proto. tstd.), 126 Electron ID (proto. tstd.), not
18 Jet/Summary Cards -- all cards operate @ 160 MHz L

* Use 5 Custom Gate-Array 160 MHz GaAs Vitesse Digital ASICs
* Phase, Adder, Boundary Scan, Electron Isolation, Sort (manufactured)
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Cal. Trig. 4 Gbaud Copper Link'Gards

V arda = U. Wisconsin

Compact
Mezzanine
Cards for

- each
e 0N e Receiver
T Card accept
= w‘waw'o\ﬁ 4 x 20 m 1.2-Gbaud
= . ‘Copper pairs transmitting
2 cal. tower energies every

25 ns with low cost & power.

Uses Vitesse Link Chips (7216-01).

Full quantity of mezzanine link
cards (1422) being manufactured.

New Serial Link Test Card

(20 L PR
I AR

: Aatus: tested and full production
manufactured,

New cables,cards, 48V PS, and support
software, delivered to CERN in Feb ‘03,
operating in ECAL electronics lab
stably with no errors
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Cal. Trig. Receiver & Electron
_Isolation Cards - u. wiscensii
Bl RC & EIC Pre-production Boards validated

i Production started

8 RC and EIC Boards being assembled for
W full crate test before rest of boards are
| assembled

Production of 5 Custom ASICs complete -- all

Electron | “
AN |

Receiver Isolation
Card Card

£ sorTasic |
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Cal. Trig. JetISu_}f

- U. Wisconsir

Full function prototype manufactured and under test
* Uses SORT ASICs to find top four ely, threshold for muon bits

« Absorbs HF functionality with Rec. Mezz. Card
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Front:
Rear: Clock, EISO, and Jet/Summary Cards
Rec. Card  showing original STC and cable to test

Loop- HF data transfer to J/S at full Speed
back Py |
Cables
for
testing
Data
Sharing

lek Stop: 5 OOCS/rS 1508 Acgs
I T
13 i

Jjwm ﬂfvv\ﬂﬂ 73.15213542
\
\

: <160 MHz TTL clock with data into 200
CHT~ 1.00 A2 SIERTA Y B S o B s pa 25 Apr 2002 MHZ Memories (2 ns Scale)

15:17:08
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CSC Muon Trigger Overview,

(red = trigger responsibility) Muon Port Card  -—— _
_ . Trig Motherboard
Muon Track-Finder Clock Control Board— |
Crate in underground x
counting room: DTDTDTDTDTjMT D|T D};;DTD DAQ
Sector Optical 4 4 5§ Mother-
Receiver/Processor Link board
+
Muon Sorter A
+ Slow Contrgl \
Clock & Control Board . F;eripheral Crate
° on iron disk

Cathode
__Front-end
Board

-Start w/ wire & strip
segment combinations:

*Wires:25ns bunch xing
*Strips: precision ¢ 1 _Charged Track

| *Form “Trigger Primitives” Board
Link into tracks "LV Distribution
Board
*Assign p+, ¢, and 1
i i Anode
*Send highest quality
tracks to Global L1 Front-end
Board
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EMU > < Trigger >
On-Chamber Trigger Muon 3-D Track-Finding
Trigger Primitives Motherboard  Port and Measurement
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S

and assembled.

.. .E Passed stand-alone
- tests

” Passed communication
4 tests with Trigger
Mother Board

| Tests with Track-finder
' are underway

" Tests with time
structured test beam
TLK2501 on-going at CERN

serializers Mezzanine card
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CSC Trigger

- Ric

VME/JTAG
INTERFACE
LVDS
DRIVERS
AND SCSI-3 MEZZANINE
CONNECTORS CARD

(same as used by
Sector Recv/Proc)

: Contains Sorter
SHIELDED TWISTED :

PAIR CABLES TO Logic

GMT CRATE
GTLP
BACKPLANE
INTERFACE

4 Boards in hand, one assembled & under test with
dedicated crate, test w/track-finder next
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US Trigger Status

US Trigger EAC = $8,771K AY

O Work Complete
B Work Remaining

65%

$10,000
$9,000
$8,000
$7,000
$6,000
$5,000
$4,000
$3,000
$2,000
$1,000
$0

US Trigger Contingency Allocation

$848 0 Scope Contingency
O Base Contingency
B May98 Baseline

$8,123

Trigger

Pre-production
prototypes
completed &
under test

Production starting

Contingency for
production
problems, testing
difficulties or
unanticipated
integration tasks
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R Triggel
ecent Irigger
Milestone Performa
System | Level? | CMSID | Ililestane | 33 |  Start | Variance [|'97]'98]'99|'00|'01 |'02]'03|'04]'05
=l Trigger Subsystem (WEBS 13.1) NA Nov30'98  Odays

TRIG  |MILZ QT-001 Complete Initial Muon, Calorimeter, & Global (WACAE Tri;) Mov 30'98 | Mov30'98 0 0 days i

TRIG  |WILS QJT-388 C3C: Muon Port Card Prototype Design (Rice) Mlay 3199 Wlawy31'99 0O days *

TEIGZ  |ML3 QT-370 CAC: 3R Prototype Design (UCLA) Sep30'99 Sep30'09 0 days ®

TRIG  |MILZ QT-002 Complete Phase 1 Prototype Design Mov30'99 MWow30'99 0 days i

TRIG  |WILS QT-212 Rewview of Test of Trigger Primitives - 2 Tower Prototype I Mov 30'99 ) Now 3099 0 days ®

TEIGZ  |ML3 QT-221 Review of Test of Regional Trigger Prototype Boards and| Nov 30'99 ) Neow30'99) 0 days ]

TRIG | RMIL3 QT-231 Design of Final 3ot ASIC Mow30'99 Mow30'92 0 days #

TRIG  |WILS JT-332 TE: 5P Prototype Design (Flotida) Hov30'99 MWow30'99 0 days ®

TEIGZ  |ML3 QT-3E89 CAC: Muon Port Card Prototype Deliversy (Rice) JulZ0'00)  Tal30'00 0 days '5

TRIG  |MILS QT-250 Rewiew of Integration of Calorimeter Trigger Prototypes (1) Mov 30'00) Mov30'00 0O days @

TRIG | ML1 T-004 Subiit Trigger Techhical Design Report (TDE) Dec30'00 Dec30'0 0 days @

TEIZ  |MIL2 QT-1001 Finish Trigget Final Prototype Design Dec30'01 Dec30'01 0O days *

TRIG | RMIL3 QT-1329 C3EC: Bekpl Bpecified (DT Infio) Dec30'01 Dec30'01 O days &

TRIG | ML3 QT-1216 RCT: CCC Prototype Test Complete Tun 3002 Apr30'03 206 days Prototypesq *®

TEIGZ  |ML3 QT-1219 RCT: BC Prototype Test Complete Jun30'02) Feb 282'03) 163 days p P r-":orm ed '-' @

TRIG | ML3 QT-1215 RCT: ASIC Prototype Test Complete Tun30'02  Jun30'03 249 days L .

TREIG  |WIL3 QT-1220 RCT: Bekpl Prototype Test Complete Jun30'02)  Jun30'03) 249 days S uﬂ ICIentIy'.' *

TRIG ML QT-1222 RCT: Electron ID Protatype Test Complete Jul30'02 Feh28'03 142 days|| TO S erve} as i{i

TRIG  |MILS QT-1235 GCT: System Design Complete Aug30'02 DecZ'02 71 days p re- '@'

TRIG  |WILS QT-1221 RCT: ISC Prototype Test Complete Sep30'02  Tun30'03 184 days _ '.' *

TRIG | ML3 QT-1335 C3AC: Clock & Control Board Prototype Test Complete Sep 3002  Dec®'02 50 days p r'o d u Ctglo:n ®

TRIG  |MILS QT-1226 RCT: CCC Production Test Complete MIar30'03 MWow30'03 175 days '.' *

TRIG  |WILS QJT-1337 C3C: Muon Port Card Prototype Test Complete Mlar30'03 DMay30'03 44 days P I'Od u CtiO n .

TEIZ  |MIL2 QT-1002 Finish Trigget Final Prototypes Apr30'03 Jun30'03 43 days . L

TRIG  |MILS QT-1336 CEC: BRSSP Prototype Test Complete Apr30'03 Jun30'03 43 days Wi I I "

TRIG  |WIL2 T-1004 Finish Trigger Pre-Production Design & Test Jun30'03) Jun30'03 0 days p ro ceed on '.

TRIG | ML3 QT-1338 CHEC: 3RAE - MPC - C&CE Test Complete Jun 3003 Jun30'03 0 days sc hed u ie '

TRIG  |MILS QT-1229 RCT: RC Production Test Complete Bep30'03 Bep30'03) 0 days '.'
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Engineering demand remains significant
thru installation & commissioning start
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Trigger Transition to/M&0G

Installation in Underground
Counting Room

 Expect access by March ‘05

» Sufficient time for installation
and some testing but not for
completing commissioning
with detectors

* Need to start
commissioning earlier ...

Slice Test (on surface)
With Both HCAL and EM

Use as substitute for commissioning completion step.

Will check as much on surface before gaining access to
underground facilities.

Milestone (HG1018) planned for completion November ‘04
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US Trigger Transiti
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US CMS Trigger Proj / M&O Cost Estimate

$2,000

$1,800

$1,600

$1,400

$1,200

u B Trigger CP

$1,000

AY K$

B Trigger M&O

$800

$600

$400

5200 W I | t

q%
&

SN RN 2N RN SN RN SEENAING
S OLTIL LTSS

Production ordering underway.
M&O starts with slice test
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US Trigger M&O

US CMS Trigger M&O Resources

9.0
8.0 —

7.0 —
6.0 .| O Physicists

5.0 — | O Technicians
4.0 | ® Comp. Prof.
3.0 —
2.0
1.0 —
0.0 | w | \ ‘ |

FY02 FY03 FY04 FY05 FY06 FYO07 FYO08

FTE's

O Engineers

Testing & Operation of Trigger System
Changing conditions = modifications
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o

Y03 Planning

Trigger SOWs FY03 -- $1.3M AY

o= University of California-Los Angeles

m University of Florida

0
c X c C

ce University

o University of Wisconsin

Largest costs: production parts orders
Engineering costs for testing/final revisions
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Installation Schedule
« Time for installation & commissioning tight (sched. delay)

+ Significant time needed for integration in a synchronous
pipelined system

* Use slice test to advance installation & commissioning

Base Program Manpower
* Major effort on trigger software required

« Tasks include board testing, monitoring/controls,
diagnostics, configuration downloading and documentation,
modeling, physics simulation, etc.

* Major effort on testing & installation
» Planned as activity of base program manpower
 New Major Effort on “Slice Test
* Also needs base program manpower
 Recent DOE University program augmentation is a big help
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Conclusions - Trigger

Calorimeter Trigger
« All Preproduction Boards tested
* Production started
* Most parts ordered, ASIC production finished
 Integration tests: ECAL started, HCAL starts this Fall

Muon Trigger
« All Pre-production boards built & under test
» Basic stand-alone tests complete
* Integration testing between boards has started
 Integration tests starting this month w/EMU
» Operation in 25 ns structured beam

Project Completion
* Transition to M&O
» Slice Test
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